Assuming dark matter is absolutely stable due to unbroken dark gauge symmetry and singlet operators are portals to the dark sector, we present a simple extension of the standard seesaw model that can accommodate all the cosmological observations as well as terrestrial experiments available as of now, including leptogenesis, extra dark radiation of ∼ 8% (resulting in N eff = 3.130 the effective number of neutrino species), Higgs inflation, small and large scale structure formation, and current relic density of scalar dark matter (X). The Higgs signal strength is equal to one as in the standard model.
Introduction
The standard model (SM) based on SU(3) C × SU(2) L ×U(1) Y is confirmed at quantum level with high accuracy. Still the SM has to be extended in order to accommodate the following observations: (i) neutrino masses and mixings, (ii) baryogenesis, (iii) nonbaryonic cold dark matter of the universe, and (iv) inflation and density perturbation.
Paying attention to the stability of dark matter, we notice that an ad hoc Z 2 symmetry, which is often assumed to stabilize DM in nonsupersymmetric dark matter models, is broken by quantum gravity effects and allows 1/M Planck suppressed nonrenormalizable operators. So, we are led to local dark symmetry and dark gauge force for the stability of weak scale dark matter. This would be a very natural route for the DM model building, since the unsurpassed successful SM is also based on local gauge symmetry and its spontaneous breaking.
In this talk, we present a simple renormalizable model where the dark matter lives in a dark (hidden) sector with its own dark gauge charge along with dark gauge force. Allowing all the SM singlet portal interactions (provided by Higgs bilinear, right-handed neutrinos and kinetic mixing), we show that all the phenomenological shortcomings of SM can be addressed in the model. This talk is based on Ref. [1] , to which we invite the readers for more detailed discussions on the subjects described in this talk.
Model
We assume that dark matter lives in a hidden sector having an unbroken local U(1) X dark gauge symmetry. All the SM fields are taken to be U(1) X singlets. With these assumptions and all the singlet portal interactions, we can write the most general renormalizable Lagrangian as follows:
where L SM is the standard model Lagrangian and
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g X , q X ,B µ andB µν are the gauge coupling, U(1) X charge, the gauge field and the field strength tensor of the dark U(1) X , and R is the scalar curvature, respectively.B µν is the gauge field strength of the SM U(1) Y . We assume m 2 X > 0, λ X > 0, λ HX > 0, so that the local U(1) X remains unbroken and the scalar potential is bounded from below at tree level.
Implications on particle physics and cosmology
Our model can accommodate various observations from cosmology and astrophysics with definite predictions for Higgs physics:
• Dark scalar X can improve the stability of the electroweak vacuum up to Planck scale, unlike the SM for m h ∼ 125 GeV and m t = 173.2 GeV and α s = 0.118, if λ X > 0 and λ HX 0.2 [2] .
• Perturbativity of quartic couplings for scalar fields H and X up to Planck scale puts theoretical constraints on λ X and λ HX such that λ X 0.2 and λ HX 0.6 [2] .
• Self-interaction of DM mediated by massless dark photon can solve the small scale problem of DM subhalo while satisfying constraints from inner structure and kinematics of dark matter halos, if g X 2.5 × 10 −2 (m X /300 GeV) 3/4 .
• The dark scalar X can be annihilated efficiently thanks to the Higgs portal interaction even if g X is very small.
• Direct detection experiments such as XENON100 put a strong bound, 10 −12 εg X 10 −5 for 6 GeV m X 1 TeV when the upper bound on g X is used.
• We find that dark photon contributes to dark radiation by ∆N eff ∼ 0.08, which is in agreement with the recent Planck data, N eff = 3.30 ± 0.27 at 68% CL.
• The decay of RH neutrinos and ψ generate large enough lepton number asymmetries to match observation.
• Higgs inflation [3] can work in our model since the gauge singlet scalar coupled to SM Higgs field cures the instability of potential in Higgs-singlet system [4] .
• In case U(1) X is unbroken, the Higgs signal strength should be equal to "1", independent of production and decay channels.
In conclusion, we presented a simple extension of the standard seesaw model where dark sector is constructed with local dark gauge symmetry and renormalizability allowing all the SM singlet portal interactions. This model provides possible solutions to all the phenomenological shortcomings of SM, hence it could be considered as an alternative to the new minimal SM [5] .
